From the teleological point of view, H. Hartridge (1) has pointed out that the mammalian erythrocyte has a form which is a compromise between a sphere and an infinitely thin disc.
The most efficient shape for an erythrocyte would be that which allows the whole content to be saturated simultaneously with gases, and not that in which the edges are saturated before the center, or vice versa. In the case of a sphere, all the gases diffusing through the surface will reach the centre at the same moment.
In the case of an infinitely thin flat disc also, the gases will reach different parts of the middle layer at the same moment. Thus the sphere and the thin flat disc are two geometrical figures which would have the required property.
But the sphere has a surface/volume ratio which is disadvantageously small, while, in an infinitely thin disc, the integument is increased at the expense of the content.
Between these two extremes will be found a compromise which gives the greatest efficiency, namely, a disc the thickness of which is comparable to its diameter.
In a thin disc, the surface/volume ratio is large, but if such a disc were of uniform thickness gases would saturate the peripheral sooner than the central portions, because gases gain access not only through the flat surfaces but also through the edges. The obvious way of compensating for this is to make the edges thicker than the centre, thus making the flat surfaces become concave. E. Ponder (2) , to whom Hartridge's idea was attractive, expressed his thoughts as follows: -no mathematical expression for describing the shape of red cells in the cross-sectional view has yet been found, and realization that the shape is so variable is in itself sufficient to discourage us from seeking one.
The surface of the cell is the one which is equi-velocity-potential to a ring, the expression of which, however, does not really describe the surface with any great degree of accuracy.
The question has been argued at length whether the erythrocyte is a living cell or a dead one. It is probably best to regard it simply as a physicochemical system.
Suppose, now, that the mammalian erythrocyte is a materialized cell which is extremely inanimalized.
It is then possible that the red cell takes a form which is suitable for the following conditions and realization.
[1] Red cell transport ; a shape favourable for traveling in the blood vessels, passing through the capillary, and taking the line of least resistance.
[2] Electrical property; the red cell ordinarily carries a negative charge.
The red cell itself, whose contents are conductive, appears nearly non-conductive, takes the attitude of an insulator, and can be looked on as an electrically elastic material.
[3] The physiological role of the red cell; a shape advantageous to gas exchange. The last is the most important.
The study begins in the consideration of PI regarding the relationship between the contour of a red cell, and gas diffusion as a relation between the equi-velocity-potential surface and the stream line. For the sake of simplicity, the problem is treated in two dimensions, and the mathematical foundations of the consideration are as follows: [I] The maximum or minimum of the distance between the given point A and the given curve y=f(x) is the segment AP, where P is the point at which the normal drawn from the point A to the curve meets the curve.
[II] When the fluid moves irrotationally in two di- fig.   3 . The same cannot be said, however, of the body shown in fig. 4 . Here the curvatureis too small at the stagnation point and the width of the thick ends is too large.
In general, elongated bodies can be represented by sources and sinks with the sphere as the boundary case which just can be treated in this manner by bringing the source and sink infinitely close together.
The calculation of the potential for bodies of the form in fig. 4 , is achieved by introducing vortex rings in addition to sources and sinks. The type of fluid body carried along by the circular vortex has also been investigated.
By superposing a velocity equal and opposite to that of the vortex, the flow is reduced to the steady state as in the case of the vortex pair, and we find that different diameters of the core produce different types of fluid as shown in figs. 5 to 8.
In fig. 5 the fluid flows past a rather thick circular vortex just as if there were a solid body (point-shaded portion) in the fluid. Figs. 6 to 7 show how the shape of an obstacle changes as the vortex becomes thinner, and in fig. 8 , where the vortex is very thin, we simply have a ring traveling through the fluid. In application to electrostatics, the two systems of curves, the curves 0 = constant, 0 = constant, are the equipotential lines and the lines of force. Fig. 2 shows the lines of electric force and the equipotential lines where the distance between the two point charges which have the same strength and the same sign is 2 a. Fig. 9 shows the lines of force, equipotential lines and voltage gradients (electrifing force) where the two charges which have the same strength and the opposite sign exist.
The above figures bear a striking resemblance to a cross-section of a red cell.
Where the shape of a red cell is a body formed by revolution of a Cassinian oval about y-axis, it is given by the equation as following: 
ELLIPTICAL ERYTHROCYTES
The erythrocyte of vertebrates excepting mammalia is usually described as of an ellipsoidal form.
S. Miwa (5) has reported that the computation of the area of vertebrate erythrocytes obtained by direct measurement of major and minor axes has always given a few percent smaller values than those obtained by planimetry, and consequently the shape of vertebrata erythrocytes has not been elliptic.
Let us now apply the Cassinian oval to the shape of the red cell of vertebrates.
The areas of the Cassinian oval (i.e. the projective areas of a red cell) calculated from the values of major and minor axes obtained by Miwa's measurement are compared with those by Miwa's planimetry, in tables 4 to 8 which show that these values are closely in agreement, taking the error of measurement into account, the calculated values are rather greater than the experimental.
H. Arai (4) has pointed out that the red cell of a toad has become a perfect sphere about the minor axis in diameter in aq. dest. or in dilute solution.
This fact is consistent with the case of a biconcave discoidal red cell, because the minor axis of the elliptical erythrocyte is the maximum value of y in Cassinian oval. On one hand, if the shape of the erythrocyte of a vertebrate be regarded as ellipticity including circle, the eccentricities increase phylogenetically from minimum cyclostomata to maximum ayes as shown in table 9, with an exception of mammalia whose eccentricity is 0. On the other hand, however, if the shape of the erythrocytes of the vertebrates is regarded as a Cassinian oval, the ratio a/c in the expression increases phylogenetically from minimum cyclostomata to maximum mammalia without the exception of mammalia as shown in table 9.
Thus, it may be recognized that the erythrocyte of a vertebrate changes its shape phylogenetically to the direction of increasing the ratio a/c in the Cassinian oval. Next, the relation between the years since vertebrates have been generated on the earth and ale is nearly linear, as shown in fig. 10 . The fact that ayes deviate slightly from the line may be easily explained by the assumption that mammalia are not generated from ayes. For the afore-mentioned it seems that the phylogenetic trend of the shape of an erythrocyte is toward a Cassinian oval with a greater value of a/c, and that the figure of the cross-sectional view of a biconcave discoidal erythrocyte is nothing but a projected one of the elliptic erythrocyte that we usually observe under the microscope.
If 
